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To: Zero Robotics Teams 

Re: COSMO program 

 

Attention to all teams: 

 

A comet headed toward Earth threatens humanity’s very existence!  

Until recently, an effective and plausible choice of defense against this potential disaster 
has remained elusive. Nuclear weapons have been proposed, but this idea has not been 
well received by serious scientists.  

Instead, recent advances in technology have triggered increasing enthusiasm about the 
use of robotic satellites for this purpose. Scientists have suggested that robotic satellites 
can be launched and strategically placed in orbit and then used to alter an incoming 
comet’s path. Two different approaches are proposed for changing the path of the comet: 
gravitational attraction and laser pellet repulsion.  But which of these two methods or 
combination of methods would be more successful? 

Enter the Critical Operation to Save Mankind from Obliteration (COSMO) program. NASA 
and DARPA have directed MIT to create two companies, BluSecurity and RedSecurity. 
These companies will compete in a challenging demonstration mission with a lucrative 
comet defense contract at stake.  Both companies will use specially outfitted 
CosmoSPHERES launched into orbit to demonstrate their selected strategy. 

Once launched, companies choosing to pursue the gravitational attraction method may 
collect space debris to increase their mass.  This can be done cooperatively with the use 
of a net to gather mass that is shared between the companies.  Or this can be 
accomplished by lassoing debris independently.  

If companies choose to pursue the laser repulsion method, they must rendezvous with 
laser supply packs that have been pre-positioned as secondary payloads on previous 
commercial launches. 

Once a comet is sighted, the satellite must use gravitational attraction, laser pellet 
repulsion or a combination of methods to successfully redirect the comet away from its 
home base.  

As a SPHERES expert, your skills will be in high demand. GOOD LUCK! 

 
Alvar Saenz-Otero 

MIT SPHERES Lead Scientist 
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1 Game Play 
Matches will be played between two SPHERES satellites, controlled by code written by two different 
teams/alliances. Each team attempts to redirect the path of an incoming comet from its home base. A single match 
contains two phases. Satellites start the game near their home bases, each holding one end of a net. They must 
navigate a field of space debris. The satellites may collect debris to increase their mass, thereby increasing the 
SPHERES’ ability to redirect the comet later in the game. When collecting debris, satellites possess the option of 
collaborating to catch debris or breaking the net. If the net is broken, satellites must collect debris by lassoing or 
colliding. Players also have the opportunity to collect supply packs containing laser pellets to assist with comet 
deflection. After 90 seconds have passed in the match, the comets will enter the arena and head towards the satellite 
home bases. In this phase of the game, SPHERES must redirect the comets using gravity, which is dependent on the 
satellite mass, or by shooting with a laser. One match lasts until both comets have left the arena. 

1.1 Game Layout 
The Zero Robotics High School Tournament 2013 begins with competitions in simulation. The competition mimics 
the operational volume available aboard the International Space Station, where the 3D finals will be conducted in 
January 2014. For the 2D game, the arena is a plane with only X and Y cardinal dimensions. For the 3D game, the 
arena includes X, Y and Z components. The game arena encompasses the complete area where the SPHERES 
satellites can operate. However, the game is played in a smaller area called the Interaction Zone. If players leave the 
Interaction Zone, they may still be within the arena operational area, but they will be considered out of bounds. 

The dimensions of the Interaction Zone are: 

Table 1 Interaction Zone Dimensions 

 2D 3D Alliance 
X [m] [-0.64 : +0.64] [-0.64 : +0.64] [-0.64 : +0.64] 
Y [m] [-0.80 : +0.80] [-0.80 : +0.80] [-0.80 : +0.80] 
Z[m] 0.0 [-0.64 : +0.64] [-0.64 : +0.64] 

 

For this year’s challenge, the Interaction Zone will possess two different physical states, as shown in Figures 1 and 2 
on the following pages. The first state occurs during Phase One, where satellites must navigate a debris playing 
field. The Interaction Zone transitions to Phase Two when 90 seconds have passed in the game. In this phase, the 
debris field disappears and comets enter the playing field. Table 2 shows the dimensions of the debris field. 

Table 2 Debris Field Dimensions 

 2D 3D Alliance 
X [m] [-0.64 : +0.64] [-0.64 : +0.64] [-0.64 : +0.64] 
Y [m] [-0.50 : +0.50] [-0.50 : +0.50] [-0.50 : +0.50] 
Z[m] 0.0 [-0.64 : +0.64] [-0.64 : +0.64] 
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Diagram not to scale 

Figure 1 Game Overview: Phase 1 
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Diagram not to scale 

Figure 2 Game Overview: Phase 2 at Time = 90s 

1.2 Satellite 
Each team will write the software to command a SPHERES satellite to move in order to complete the game tasks. A 
SPHERES satellite can move in all directions using its of twelve thrusters. The actual SPHERES satellite, like any 
other spacecraft, has a fuel source (in this case liquid carbon dioxide) and a power source (in this case AA battery 
packs.) These resources are limited and must be used wisely. Therefore, the players of Zero Robotics are limited in 
the use of real fuel and batteries by virtual limits within the game. This section describes the limits to which players 
must adhere to wisely use real SPHERES resources.  

1.2.1  ZR User API 
The non-game-specific functions used to control the SPHERES satellite in Zero Robotics can be found in a 
document titled “ZR User API” on the Tutorials webpage under “Other Resources”. Game specific functions, along 
with a link to the standard ZR User API functions, are provided in section 5 of this document. 

1.2.2 Time 
If the comets have not left the field after 180s of play, the game will time out and the scores at that moment will be 
final. This should be an unusual event.  
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1.2.3 Fuel 
Each player is assigned a virtual fuel allocation (Table 3), which is the total sum of fuel used in seconds of 
individual thruster firing. Once the allocation is consumed, the satellite will not be able to respond to SPHERES 
control commands, but its gravity will still affect its comet. It will fire thrusters only to avoid leaving the Interaction 
Zone or colliding with the other satellite. 

Table 3 Fuel Allocation 

 2D 3D Alliance 
Fuel Allocation [s] 50s 50s 50s 

 

The virtual fuel allocation is consumed any time the thrusters are fired. Potential reasons include:  

• Motion initiated by player 

• Slowdown after colliding with debris or comet (see sections 1.4.1 and 1.6.3) 

• Motion initiated by the SPHERES controller to avoid leaving the Interaction Zone (see section 1.7) 

• Motion initiated by the SPHERES controller to avoid a collision with the other satellite (see section 1.4.1) 

1.2.4 Mass 
Like all objects made of matter, a SPHERES has mass, which is crucial to its operations in this game. All SPHERES 
start with a standard initial mass; however, when collecting debris, this mass is increased.  

Table 4 Normalized Mass of Game Elements 

 2D 3D Alliance 
Initial simulated SPHERES mass 1.0 x 10-5 1.0 x 10-5 1.0x10-5 

Comet 1 1 1 
Initial Debris mass 2.0 x 10-6 1.5625 x 10-6 1.875 x 10-6 

Mass is in arbitrary units. 

 

1.2.5 Inter-satellite Communications 
The satellites have the ability to communicate with each other using binary messages. The API functions 
sendMessage and receiveMessage may be used to send data between the satellites. The bandwidth available 
to the satellites is as follows: (adding function for cooperation) 

Table 5 Inter-satellite communications bandwidth 

 2D 3D Alliance 
Message size Unsigned char Unsigned char Unsigned char 

 

Note: bandwidth allocation may either increase or decrease as the tournament progresses. 

1.2.6 Code Size 
A SPHERES satellite can fit a limited amount of code in its memory. Each project has a specific code size 
allocation. When you compile your project with a code size estimate, the compiler will provide the percentage of the 
code size allocation that your project is using. Formal competition submissions require that your code size be 100% 
or less of the total allocation. 
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1.3 Phase 1: Initial Position 
Each satellite starts near their home base, located at one end of the Interaction Zone. At the beginning of every 
match, players start in collaboration mode, with both SPHERES holding one end of a net. Players may decide not to 
collaborate and break the net by overstretching. 

The SPHERES satellites are deployed at: 

Table 6 SPHERES Satellite Deployment Locations 

 2D 3D Alliance 
Red    

X [m] -0.20 -0.20 -0.20 
Y [m] -0.65 -0.65 -0.65 
Z[m] n/a 0.00 0.00 

Blue    
X [m] +0.20 +0.20 +0.20 
Y [m] -0.65 -0.65 -0.65 
Z[m] n/a 0.00 0.00 

 

The net between the SPHERES is somewhat elastic. However, once the distance between two SPHERES exceeds 
the maximum length of the net, the net will break.  

Table 7 Net Length 

 2D 3D Alliance 
lengthmax (m) 0.45 0.45 0.45 

1.4 Phase 1: Debris Field 
For the 2D games, Zone 2 contains a debris field with 10 equivalent pieces of debris, numbered 0-9, with 5 pieces 
randomly distributed on each side of the x-axis. For the 3D game, Zone 2 will contain a debris field with 16 pieces 
of debris, numbered 0-15, with 8 pieces randomly distributed on each side of the x-axis. The debris are symmetrical 
over the yz-plane and there is at least one path through the debris field that a SPHERES can navigate with no 
collisions. There are a number of preset debris “maps” for each competition phase; one is chosen randomly at the 
beginning of each match. 

Table 8 Debris and SPHERES Measurements 

 2D 3D Alliance 
Debris radius (m) 0.03 0.03 0.04 

SPHERE radius (m) 0.11 0.11 0.11 
 

The satellite’s increase in mass depends on the debris collection method. Therefore, when colliding with debris, less 
mass will be gained, as the original piece of debris will have been broken into smaller pieces.  

Table 9 Percentage of Mass Collected from Debris 

 2D 3D Alliance 
Net 50% 45% 45% 

Lasso 100% 100% 100% 
Collision (without Net) 40% 40% 40% 

Mass is in arbitrary units. 
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1.4.1 Collisions 
In the 2D game, if  the net is broken and a SPHERES satellite collides with a piece of debris while maneuvering the 
debris field, the translational and rotational velocities of the SPHERES satellite will immediately slow and the 
player controls will lock; that is, the program will not be able to command any motion. The slowdown period will 
last 3 seconds, then normal control will be returned. The fuel needed to slow the satellite is counted against the 
virtual fuel allocation. Please note, there is no slowdown penalty enforced if a satellite collides with debris while 
collaborating. 

In the 3D game, if  the net is broken and a SPHERES satellite collides with a piece of debris while maneuvering the 
debris field, then a bounce mechanism is triggered. When bounce is activated, the translational vector of the 
SPHERES will be in the opposite direction of the original motion, but the magnitude of the velocity vector will 
remain the same. Player controls will lock until the circumstances for collision are no longer fulfilled. 

In the Alliance game, if a SPHERES satellite collides with four or more debris, then the x-and z-translational 
thrusters will be decommissioned for the remainder of the match. When this happens, forces can only be set in the y-
direction. Rotation is still permitted in all axes.  

The mimimum distance for a collision to occur is found by the minimum distance from the center of the two objects 
in concern.  

As described earlier (Table 9), if a SPHERES collides with debris while collaborating, then the amount of mass 
collected will be the same as catching the debris with the net. However, if a SPHERES collides with debris after 
breaking the lasso, then the amount of mass collected will be less. 

When maneuvering the debris field, you might also come close to the opposing satellite. If the CosmoSPHERES 
code detects an impending collision with another SPHERES satellite, it will activate its own overriding control to 
avoid the collision. Fuel consumed to complete the avoidance maneuver is counted against the virtual fuel 
allocation.  
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Figure 3 Size of Debris 

 

1.4.2 Net 
SPHERES may choose to collect debris collaboratively using the net. When using the net, the debris must pass 
through the net, which encompasses the gap between the two satellites and the entirety of the satellites. If a satellite 
hits a piece of debris while holding the net, the net will catch the debris. Debris collected will be evenly distributed 
between the players. Therefore, the mass of both satellites will increase at the same rate. 

In the Alliance phase, each team has the option to break the net in half at any time by calling game.breakNet(). 
Debris can still be lassoed after the net is broken. 
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Figure 4 Collaboration with Net 

1.4.3 Lasso 
Once the net has been overstretched—that is, once the distance between the two satellites is greater than 0.45m—
each SPHERES will possess a free hanging piece of the net. With this hanging piece, the SPHERES can lasso 
debris. To lasso debris, the satellite must perform a half aperture about the piece of debris.  

Table 10 Restrictions When Lassoing Debris (m) 

 2D 3D Alliance 
Minimum distance between SPHERES and Debris 0.14 0.14 0.15 
Maximum distance between SPHERES and Debris 0.20 0.24 0.25 

 

If a collision occurs with the debris that is being lassoed, this will be counted as a collision only and will not be 
counted as lassoing. If two satellites pick up the same debris by lassoing at the same time, they will each receive half 
of the mass normally collected for lassoing. 
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Figure 5 Half Aperture 

Steps for Lassoing Debris:  

1. Position the satellite at least 0.15m from the debris’ center 
• Call game.startLasso(int debrisID) 

2. Obtain the vector from the debris to the satellite 
3. Revolve at least 180° along any axis around the piece of debris 
4. To successfully obtain the piece of debris: 

• Position vector from the debris to the satellite must be opposite in direction from the original 
vector (obtained when you first called the startLasso function) 

• The satellite must be within π/12 radians on either side of the ending point 

1.5 Item Collection 
After SPHERES have traversed the debris field, they may elect to pick up one or both supply packs to assist with 
comet deflection. There are two identical supply packs, each of which gives the player a fixed number of laser shots 
(see section 1.6.2.) 

Table 11 Supply Pack Data 

 2D 3D Alliance 
Laser shots per pack 10 10 10 

Laser 1 
X [m] 0.50 0.50 0.50 
Y [m] 0.65 0.65 0.65 
Z [m] 0.0 0.0 0.0 

Laser 2 
X [m] -0.50 -0.50 -0.50 
Y [m] 0.65 0.65 0.65 
Z [m] 0.0 0.0 0.0 
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In order to dock to an item, you need to perform a spinning maneuver (see Figure 6). The steps to collect the supply 
packs are: 

• Position the satellite within 0.05m of the item’s center. 

• The satellite’s velocity must be less than 0.01m/s. 

• The satellite’s angular velocity must start at less than 2.3°/s. 

• Rotate the satellite >90° along any axis.  Do not attempt to rotate faster than 80°/s. 

 
Figure 6 Maneuver to Collect Item 

1.6 Comet Deflection 
After 90 seconds have passed in the game, comets enter the competition field and head toward the home bases. The 
initial velocity of the comet is 0.03 m/s directly toward the home base.  A satellite can only affect the comet of its own 
color. Satellites may use their gravity or the laser to deflect the comet, which has a radius of 0.07. Regardless of the 
method used to redirect the path of the SPHERES satellite, it is important to pay attention to the distance between 
the comet and the SPHERE to avoid activating collision avoidance. Collision avoidance is activated when the 
minimum distance between the center of the satellite and center comet is 0.18m. 

In the Alliance phase, comet entry along the x-axis is randomized as shown in Table 13. The comet entry points will 
be mirrored over the y-z plane. 

 

 

 

 



Zero Robotics High School Tournament 2013:   Page 12 

CosmoSPHERES  Game Manual 

  

 

 

 

Table 12 Home Base Location 

 2D 3D Alliance 
SPH1 (Blue) Base    

X [m] 0.64 0.64 0.64 
Y [m] -0.80 -0.80 -0.80 
Z[m] 0.0 0.64 0.64 

SPH2 (Red) Base    
X [m] -0.64 -0.64 -0.64 
Y [m] -0.80 -0.80 -0.80 
Z[m] 0.0 -0.64 -0.64 

Table 13 Comet Entrance Location 

 2D 3D Alliance 
SPH1 (Blue) Comet    

X [m] 0.1 0.0 [0.0,0.36] 
Y [m]  0.8 0.8 0.8 
Z[m] 0.0 0.0 0.0 

SPH2 (Red) Comet    
X [m] -0.1 0.0 [-0.36,0.0] 
Y [m] 0.8 0.8 0.8 
Z[m] 0.0 0.0 0.0 

 

1.6.1 SPHERES Gravitational Force 
The effect of gravity between the SPHERES satellite and the comet is relative to Newton’s Law of Universal 
Gravitation. 

𝐹!"#$%&' = 𝐺
𝑚!"#$%%&#$𝑚!"#$%

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒!
 

 
For the purposes of this game, G is normalized to 1; mass and distance are in arbitrary units. The effect of 
gravitation is not to realistic scale. 
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Figure 7 SPHERES Gravitational Force 

1.6.2 Shooting Lasers 
The laser fires in short bursts that produce a fixed impulse (change in linear momentum) on the comet. Because the 
mass of the comet is normalized to 1, the numerical value of the impulse is equal to the comet’s change in (vector) 
velocity. The laser fires from the center of the satellite in the direction the satellite is pointing (-X face.) It is 
considered to hit the comet if the beam touches any part of the comet, which is a sphere with radius given in Table 
14. The impulse is along the line between the center of the SPHERES and the center of the comet regardless of 
where on the comet the beam hits.  

The laser can be fired once per second. It may be fired at any range. It will not affect the other SPHERES or comet. 

In the Alliance phase, there is a recoil torque in a random direction applied after each shot. The duration of the recoil 
is two seconds. 

Note: Keep in mind that the force of gravity between the SPHERES and the comet is always present, independent of 
the strategy selected.  

Table 14 Laser Parameters 

 2D 3D Alliance 
Laser impulse (mass units * m/s) 0.00123 0.00123 0.00123 

Comet radius (m) 0.07 0.07 0.07 
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Diagram not to scale  

Figure 8 Shooting Lasers 

1.6.3 Comet Collisions 
Collisions occur when the distance between the center of the comet and the center of the SPHERES satellites is 
0.18m. If a satellite collides with the comet of its own color, its controller will lock and it will slow down exactly as 
if it had collided with debris. If a comet collides with the satellite or comet of the opposite color, they will pass 
through each other and nothing will happen. However, during the entirety of Phase 2, gravity will remain active.  

1.6.4 End of Game 
The game ends when both comets leave the Interaction Zone.  

1.7 Out of Bounds 
You must remain within the boundaries of the Interaction Zone to avoid a fuel penalty. 

If you exit out of bounds, the SPHERES controller will override your commands and force the satellite to stop its 
motion in the direction that would continue to push it out of bounds (other directions are not affected). The fuel used 
to stop this motion will be charged to your fuel usage. There is an additional fixed penalty of 2 thruster-seconds 
(4% of total initial fuel) for each second spent out of bounds. 

2 Scoring 
Your score is based only on where your comet left the arena.  The farther from your base and the closer to your 
opponents base, the higher your score. The detailed calculation is as follows: 
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In 2D, let Δx, Δy, Δz be the absolute values of the differences of the comet’s x-,y-,z-coordinates from the home 
base’s in meters. The score for that home base is 

𝟐𝟎𝟎𝒆![𝟖 𝜟𝒙!𝟎.𝟎𝟔𝟐𝟓 !𝟑∆𝒚!𝟐𝟎 ∆𝒛 𝟐] ∆𝒙 + 𝟎.𝟎𝟔𝟐𝟓 
In 3D and Alliance, let s be the comet’s distance from the home base in meters. The score for that home base is 

𝟐𝟎𝒆!𝟒𝒔𝟐  
𝑻𝒐𝒕𝒂𝒍  𝒔𝒄𝒐𝒓𝒆 = 𝒔𝒄𝒐𝒓𝒆  𝒇𝒓𝒐𝒎  𝒐𝒑𝒑𝒐𝒏𝒆𝒏𝒕!𝒔  𝒃𝒂𝒔𝒆 − 𝒔𝒄𝒐𝒓𝒆  𝒇𝒓𝒐𝒎  𝒚𝒐𝒖𝒓  𝒃𝒂𝒔𝒆   

3 Tournament 
A Zero Robotics tournament consists of several phases called competitions. The following table lists the key 
deadlines for the 2013 tournament season: 

Table 15 Tournament Key Dates 

Date (2013) Event 
Sep 7 (Sat) Kick-off webcast 
Sept 29 (Sun) 2D Simulation Competition Deadline (end of 

practice) 
Oct 27 (Sun) 3D Simulation Competition Deadline 
Nov 2 (Sat) Alliance Formation Event 
Dec 1 (Sun) Semifinal Simulation Competition Deadline 
Dec 15 (Sun) ISS Code Due 
mid-Jan TBA ISS Final Competition 

 

The rankings in each competition are determined by a Leaderboard, described below. The 2D Simulation 
Competition is not an elimination round; everyone who submits code to the 2D Simulation Competition advances to 
the 3D Competition. At the end of the 3D Simulation Competition an elimination round takes place, with the top 54 
US / 36 EU ranking teams moving to the Alliance phase of the Tournament. The top 54 US / 36 EU teams will then 
form alliances of three (3) teams each: 18 US and 12 EU alliances will be formed. The alliances will compete 
against each other, with the top 9 US and 6 EU alliances moving to the ISS Final Competition. 

3.1 The Leaderboard 
This year’s tournament uses a continuously updated ranking system called The Leaderboard. The Leaderboard uses 
a system similar to the Elo rating system for chess players called Whole History Ranking1, as well as ideas from the 
TrueSkill®2 rating system used for the Xbox Live gaming platform. The Leaderboard tracks all matches a team has 
played against other players in the course of the competition and creates a score based on the outcomes. At the end 
of each competition phase, the final standings on the Leaderboard will determine which teams advance to the next 
phase.  

3.1.1 How Ranks are Calculated 
In any match between two teams A and B, the probability of a match outcome is estimated as a function of the ranks 
of the two teams: 

                                                             
1 R. Coulom, “Whole-history rating: A bayesian rating system for players of time-varying	  strength”, Computers and 
games, 2008. 
2 R. Herbrich and T. Minka, “TrueSkill: A Bayesian Skill Rating System”, in Advances in Neural Information 20, 
2007. 
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where RA is the rank of Team A, and RB is the rank of Team B. Players of nearly equivalent ranks have roughly 
equal probability of winning a match, while differences in rank result in one of the teams being more heavily 
favored. After a match is played, a correction is applied to the rank to account for the new match outcome. There are 
several factors that affect a team’s rank: 

• Match Outcomes: A team that consistently wins matches will usually have a higher rank. 

• Opponent Rank Winning against a higher ranked team will usually improve a team’s rank. 

• Other Match Outcomes The Leaderboard takes into account all matches played by all teams. Even if two 
teams do not have a direct encounter, their match outcomes will have an effect as they filter through third 
parties. 

• Time Over the course of a short period of time, the rank is not expected to change drastically, so new match 
outcomes are not as heavily weighted. Over longer periods of time, new match outcomes are more heavily 
weighted. 

The score calculated based on these factors is the estimate of the team’s rank. 

The Leaderboard calculates rankings in real time (shortly after submission) from the beginning of a competition 
until the submission deadline. All matches during the competition period count toward the ranking in the 
competition. The Leaderboard scores are cleared at the start of each competition. 

US and EU teams compete against each other on a single Leaderboard.  Once each competition phase ends, the 
Leaderboard rankings are used to create separate ranking lists for US and EU teams. 
 

3.1.2 Playing Matches 
To play a match the team must use the Submissions tool on the Team Management page.  Important: be sure to 
commit your code before submitting it to the leaderboard.  The most recently committed copy will be used, not your 
local copy. 

Submitting the project will automatically queue twenty (20) matches between the submitted player and the twenty 
(20) teams with the nearest mean score (not necessarily the published ranking). A randomized set of ten (10) of the 
twenty (20) matches will be as the Blue sphere, the other ten as the Red sphere. The most recent submission will be 
used for scoring on the Leaderboard until a new one replaces it. 

You can review the simulation and results of the matches from the most recent submission, including any matches 
run against you when other teams make submissions. When you submit a new project, you will no longer be able to 
see the results from previous submissions. Note: all participants can see all the simulations from the most recent 
submission of all teams. 

3.1.3 Competition Submissions 
Once a competition is open, teams may make as many code submissions as they want, understanding that all 
matches played with those submissions will affect their ranking.  There is no cap on the number of submissions a 
team may make in a day, but you cannot make two submissions less than 15 minutes apart.  Submissions for the 
competitions will close at 11:59 PM EDT on the deadlines shown in Table 15.  Remember that although the 2D 
competition is a practice round, teams are required to make at least one submission before the deadline to be entered 
in the 3D round.  



Zero Robotics High School Tournament 2013:   Page 17 

CosmoSPHERES  Game Manual 

  

 

3.1.4 Ranking Results 
While the Leaderboard processes rankings in real time for individual submissions, it requires a global update after a 
large number of submissions. Therefore, final rankings may be announced up to 24 hours after close of a 
competition. The Leaderboard may not be available during this period. 

3.2 2D Practice Simulation Competition 
All teams that complete a valid registration are eligible to participate in the 2D practice simulation competition. 

3.3 3D Simulation Competition 
All teams that complete a valid registration and submit code at least once by the 2D practice competition deadline 
are eligible to participate in the 3D simulation competition.  

When the 3D competition starts the game will be updated with new challenges and the corresponding TBA values 
will be announced. 

3.4 Alliance Formation Event 
The top 54 US / 36 EU teams on the leaderboard at the end of 3D simulation play will form 18 US / 12 EU alliances 
of three (3) teams each that will work cooperatively to complete the semifinals and, if not eliminated, the finals. 

The ranking of the teams will be determined by the rankings on the leaderboard. 

After the rankings for semifinalist teams are announced, teams will have three days to contact each other about their 
preferences. Any teams that do not wish to continue in the Tournament will have the opportunity to cede their 
position to the next ranked team. 

Alliances will be formed during a draft day where teams will be able to contact each other and accept their position 
in the alliance. The alliances selection process will follow a serpentine pattern (illustrated in Figure 9): 

• Team Rank 1 selects their partner from anyone between Rank 10 and Rank 54 

• Team Rank 2 selects their partner from the remaining Rank 10 – 54. 

• 18 pairs are created in this manner 

• A break takes place for the new pairs to discuss their selection for the 3rd alliance team 

• The “lowest” ranked pair then selects their 3rd team from the remaining 18 teams 

• The “2nd lowest” rank pair make the next selection 

• Continue until all 18 alliances are formed 

Note for EU: Form 12 pairs, then discuss, then complete 12 3-team alliances. 

Note: US and EU teams will be ranked in the same process, but will be split into two new groups for alliance 
creation purposes. 

 

Rule: 

US: The 3 teams in an alliance cannot be from the same city/metropolitan area. 

EU: The 3 teams in an alliance cannot be from the same country. 
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Step 1   Discuss  Step 2   Result 

Figure 9 Alliance Creation Process 

3.5 Semifinal Simulation Competition 
The 18 US / 12 EU alliances will participate in the semifinal simulation competition. 

When the semifinal competition starts, the game will be updated with new challenges and the corresponding TBA 
values will be announced. These new challenges are intended to be substantial enough to require participation of all 
alliance teams in preparing competition submissions.  

3.6 ISS Final Competition 
The top 9 US / 6 EU alliances on the leaderboard at the end of semifinal play will advance to the ISS Finals 
Competition. The finals will take place aboard the International Space Station with live transmission to MIT. All 
teams will be invited to live broadcast events at MIT (US) and ESTEC (EU.) 

3.6.1 Overview and Objectives 
Running a live competition with robots in space presents a number of real-world challenges that factor into the rules 
of the competition.  Among many items, the satellites use battery packs and CO2 tanks that can be exhausted in the 
middle of a match, and the competition must fit in the allocated time.  This section establishes several guidelines the 
Zero Robotics team intends to follow during the competition.   Keep in mind that as in any refereed competition, 
additional real-time judgments may be required.  Please respect these decisions and consider them final. 

Above all, the final competition is a demonstration of all the hard work teams have put forward to make it to the 
ISS.  The ZR staff’s highest priority will be making sure every alliance has a chance to run on the satellites.  It is 
also expected that the competition will have several "Loss of Signal" (LOS) periods where the live feed will be 
unavailable.  We will attempt to make sure all teams get to see a live match of their player, but finishing the 
competition will take priority. 

To summarize, time priority will be allocated to: 

1) Running all submissions aboard the ISS at least once 
2) Completing the tournament bracket 
3) Running all submissions during live video 
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We hope to complete the tournament using only results from matches run aboard the ISS, but situations may arise 
that will force us to rely on other measures such as simulated matches. 

3.6.2 Competition Format 
The alliances will be divided into 3 US / 2 EU pool of 3 alliances each (as shown for the US competition in Figure 
10).  Each pool will play 3 matches in round-robin style: alliance A vs. B, B vs. C, and C vs. A. 

After the round-robins are complete, there will be a winner of each bracket (shown as BR1, BR2, BR3 in Figure 10.) 
The following rules determine the winner: 

1. The alliance with the most wins advances 
2. If alliances are tied for wins, the alliance with the highest total score advances 
3. If scores are tied, simulation results will be used to break the tie 

There will be one championship match between the top 2 bracket winners from the pool matches.  In the EU 
championship, there will be two winners that move straight to the championship match.  For the US, the top 2 
alliances are determined in the same way as the bracket winners: 

1. The top 2 alliances with the most wins in their bracket, advance 
2. If there is a tie for wins, the alliance(s) with the highest total score in their bracket advance 
3. If scores are tied, simulation results will be used to break the tie 

The winning alliance of teams in the final match is the Zero Robotics Champion.  The losing alliance will be 
awarded 2nd place and the last place bracket winner will be awarded 3rd place. 
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Figure 10: US Competition Bracket 

3.6.3 Definitions 
Definition: Successful Match 

• Both satellites move correctly to initial positions 
• Both satellites have normal motion throughout the test 
• Both satellites return a valid score 
• Neither satellite expends its CO2 tank during a test run 

 
Definition: Simulated Match 

In advance of the competition, the ZR Team will run a simulated round robin competition between all participating 
teams.  The results from matches in this competition will be used in place of ISS tests if necessary (see below.)  The 
results of a simulated match will only be announced if they are used in the live competition. 

3.6.4 Scoring Matches 
Scores in the scoring matches will be determined according to these rules: 

Case 1: Successful Match, Both Satellites Return Unique Score (e.g. 130, 151) 
• The scores will be recorded as the official score for the match. 

 
Case 2: Either Satellite Returns an Invalid Score (e.g. 130, 255) 

• If the first run of a match is not successful, the match will be rerun, time permitting. 
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• If the second run of a match is not successful, the results from a simulated match will            
be used. 

4 Season Rules 

4.1 Tournament Rules 
All participants in the Zero Robotics High School Tournament 2013 must abide by these tournament rules: 

1. The Zero Robotics team (MIT / Top Coder / Aurora) can use/reproduce/publish any submitted code. 

2. In the event of a contradiction between the intent of the game and the behavior of the game, MIT will clarify the 
rule and change the manual or code accordingly to keep the intent. 

3. Teams are expected to report all bugs as soon as they are found. 

3.1. A “bug” is defined as a contradiction between the intent of the game and behavior of the game. 

3.2. The intent of the game shall override the behavior of any bugs up to code freeze. 

3.3. Teams should report bugs through the online support tools. ZR reserves the right to post any bug reports to 
the public forums (If necessary, ZR will work with the submitting team to ensure that no team strategies are 
revealed). 

4. Code and manual freeze will be in effect 3 days before the submission deadline of a competition. 

4.1. Within the code freeze period the code shall override all other materials, including the manual and intent. 

4.2. There will be no bug fixes during the code freeze period. All bug fixes must take place before the code 
freeze or after the competition. 

4.3. The code is finalized at the ISS Final Competition freeze (unless there is a critical issue which will affect 
the final tournament, including lessons learned from ground hardware testing and simulation.) 

5. Game challenge additions and announcement of TBA values in the game manual may be based on lessons 
learned from earlier parts of the tournament. 

4.2 Ethics Code 
• The ZR team will work diligently upon report of any unethical situation, on a case by case basis. 

• Teams are strongly encouraged to report bugs as soon as they are found; intentional abuse of an un-reported bug 
may be considered as unethical behavior. 

• Teams shall not intentionally manipulate the scoring methods to change rankings. 

• Teams shall not attempt to gain access to restricted ZR information. 

• We encourage the use of public forums and allow the use of private methods for communication. 

• Vulgar or offensive language, harassment of other users, and intentional annoyances are not permitted on the 
Zero Robotics website.  

• Code submitted to a competition must be written only by students. 
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5 CosmoSPHERES API Reference 
The functions in this section are called as members of the game object, that is, game.functionName(arguments); 

Name	   Description	  

bool	  isNetBroken()	   Returns	  true	  if	  the	  net	  is	  broken,	  false	  otherwise	  

void	  getDebrisLocation(int	  
debrisId,	  float	  loc[3])	  

Stores	  the	  debris	  location	  of	  id	  debrisId	  into	  loc	  

bool	  haveDebris(int	  player,	  int	  
debrisId)	  

Returns	  true	  if	  player	  (ME	  =	  0,	  OTHER	  =	  1)	  has	  the	  debris	  of	  id	  debrisId	  

bool	  startLasso(int	  debrisId)	   Initialize	  the	  lassoing	  process	  of	  debris	  of	  id	  debrisId.	  Returns	  true	  if	  lassoing	  is	  possible,	  
false	  otherwise	  

bool	  haveItem(int	  player,	  int	  
objectNum)	  

Returns	  true	  if	  player	  (ME	  =	  0,	  OTHER	  =	  1)	  has	  the	  item	  objectNum	  (0	  or	  1)	  

void	  predictCometState(unsigned	  
int	  dtSteps,	  float	  initState[6],	  float	  
finalState[6])	  

Uses	  the	  initState	  of	  a	  comet	  and	  stores	  the	  predicted	  location	  of	  the	  comet	  in	  dtSteps	  
seconds	  into	  finalState	  based	  on	  linear	  extrapolation	  using	  the	  current	  velocity	  

void	  getCometState(unsigned	  int	  
player,	  float	  state[6])	  	  

Stores	  the	  comet	  location	  of	  id	  cometNumber	  (ME	  =	  0	  =	  your	  comet,	  OTHER	  =	  1	  =	  
opponent’s)	  into	  state	  	  

bool	  shootLaser()	   Shoots	  a	  laser	  in	  the	  same	  direction	  as	  the	  attitude	  of	  the	  satellite.	  Returns	  true	  if	  laser	  
hits	  the	  comet,	  false	  if	  it	  misses	  or	  there	  are	  no	  laser	  shots	  left	  

int	  laserShotsRemaining()	   Returns	  the	  number	  of	  laser	  shots	  the	  player	  has	  left	  

float	  getMass()	   Returns	  the	  mass	  of	  the	  player’s	  satellite	  in	  arbitrary	  mass	  units	  

float	  getFuelRemaining()	   Returns	  the	  fuel	  the	  player	  has	  left	  in	  thruster-‐seconds	  

float	  getScore()	   Returns	  the	  player’s	  score	  (0	  in	  Phase	  1)	  	  

float	  getOtherScore()	   Returns	  the	  opponent’s	  score	  (0	  in	  Phase	  1)	  

bool	  wasCollisionActive()	   Returns	  true	  if	  satellite	  collision	  avoidance	  is	  turned	  on,	  false	  otherwise	  

bool	  wasBounceActive()	   Returns	  true	  if	  satellite	  is	  under	  collision	  conditions	  with	  a	  debris	  or	  comet	  

void	  sendMessage(unsigned	  char	  
inputMsg)	  

Sends	  inputMsg	  to	  other	  satellite	  

unsigned	  char	  receiveMessage()	   Returns	  the	  most	  recent	  message	  sent	  by	  other	  satellite	  

void	  breakNet()	   Breaks	  the	  net	  in	  half	  

bool	  wasRecoilActive()	   Returns	  true	  if	  satellite	  is	  in	  recoil	  mode	  

 

A guide to the standard Zero Robotics API functions is available here: 
 
http://www.zerorobotics.org/documents/10429/374963/ZR_user_API.pdf 
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